Because of the high prevalence of hormone use and reproductive surgeries in Western women natural menopause is a less frequent condition. Our aim was to examine the influences of hormonal and other factors on timing of cessation of menses. We analysed population controls of a German case-control study on breast cancer risks. The sample comprised N=829 women without hysterectomy or bilateral oophorectomy. We estimated the risk for the occurrence of last menses by Cox proportional hazard modelling. For calculating hazard rate ratios (HRR) and 95% confidence intervals (CI) women with menstrual cycles up to one year before interview were censored at that age. Median age at cessation of menses was 50 years (inter-quartile range 47-53 years). A significant later cessation of menses resulted from oral contraceptive use (HRR 0.74, 95% CI 0.59-0.93 for up to 10 years), and hormone therapy use until last menses (HRR 0.57, 95% CI 0.47-0.70). Also, thyroidal medications were associated with a delayed cessation of menses (HRR 0.64, 95% CI 0.42-0.96 for more than 10 years of use). Smoking until at least two years before last menses and allergies revealed an earlier cessation of bleedings (HRR 1.50, 95% CI 1.22-1.83 and HRR 1.28, 95% CI 1.07-1.53 respectively). Natural menopause is difficult to determine. Factors affecting the ovaries or the endocrine system can modulate timing of menopause. Endocrine biomarkers should be additionally taken into account when defining menopausal status.
Introduction
Timing of menopause is associated with an elevated risk for several chronic diseases [1] [2] [3] . In Western countries, reproductive surgeries and use of hormone preparations are common. These factors affect the hormonal regulatory system. In consequence, less women experience a natural menopause. Cessation of bleedings occurs on average around the age of 50 years [4] [5] [6] . The variation by ethnicity and the minor changes over time and between close relatives support the hypothesis that age at menopause has a genetic background [7] [8] [9] [10] . However, there are many other factors that can account for this, such as differences in reproductive history and hormonal conditions.
Smoking and severe malnutrition were consistently found to be associated with an earlier menopause [1, 6, [11] [12] [13] [14] [15] [16] . Less clear is the impact of the general diet [11, 15, 17, 18] , and body weight [17, 19, 20] . With varying consistency studies found an earlier menopause to be associated with low education or social status [6, 9, 12, 16, 21, 22] . Further, an early menopause was found for ischemia [23] [24] [25] and osteoporosis [26, 27] .
A later menopause is associated with an increased risk of breast cancer [28, 29] and endometrial cancer [30] . These effects could be due to the relation between reproductive hormone levels and the particular disease [31] . Hormone therapy (HT) in cyclic combinations can maintain regular bleedings. Users of oral contraceptives (OC) undergo less ovulatory cycles and might be prone to a delayed cessation of bleedings [1, 21, 22] .
Because menopause is difficult to define, we explored the timing of cessation of menses and its potential predictors including hormone use among population controls of the German GENICA study. GENICA was conducted as case-control study on breast cancer risks in the Greater Bonn region [32] .
Statistical methods and Experimental Procedures

Study subjects
The recruitment of the study subjects has been published elsewhere [32] . In brief, 1155 controls were enrolled for the GENICA study with a response of 69% from August 1, 2000 extended to September 1, 2004 . Participants were German nationals of Caucasian ethnicity not older than 80 years. The control group was ascertained from population registries of 31 communities by frequency-matching to cases in 5-years age groups. Written informed consent for participation was obtained from all study subjects. The study was approved by the Ethic's Committee of the University of Bonn.
Data collection
Data were obtained by computerised face-to-face interviews using the core questionnaire of a German population survey [33] extended by questions on reproductive history and hormone use. The questionnaire provided calendar year respectively age at certain events. Therefore, the timing of events relative to the year of cessation of menses could be calculated. Analyses were performed for 829 controls. These subjects had no hysterectomy or bilateral oophorectomy before cessation of their bleedings and no missing values for age at last menses or menstrual state, respectively.
Analysis variables
Outcome variable is age at last menses based on women´s reports. A set of potential predictors for age at last menses was selected according to literature including age at menarche, oral contraceptive use, hormone therapy use, parity, breast feeding, unilateral oophorectomy, education, employment, smoking, type of diet, diabetes mellitus, thyroidal medications, ischemia (myocardial infarction or stroke), allergy, and migraine history. Variables were defined until cessation of menses if appropriate.
Education was categorised as "low" if neither school nor professional training has been completed and "high" for women with a university degree, else as "medium". Employment was classified as "never employed", "white", "blue" or "mixed collar" based upon occupational history. All job titles coded as 1 to 5 of the first digit of the International Standard Classification of Occupations (ISCO), revision 1988 [34, 35] , were defined as "white collar", else "blue collar". "Active smokers" were women who smoked at least until two years before cessation of menses, else women were categorised as "non-active smokers". The food frequency table of the GENICA questionnaire comprising 31 food items and six frequency categories was used to generate the variable "type of diet". Factor and cluster analyses revealed two types of diet. According to the recommendations of the German Society for Nutrition (DGE) [36] for a healthy diet a score was developed. Food intake frequencies were rated for 15 selected items. The ratings were summed up and divided by the maximal possible points. If a score was 50% or higher the diet was considered as "prudent", else as "non-prudent".
Statistical analysis
All calculations were performed using SAS/STAT software, version 9.1 [37] . To describe the study population with respect to potentially relevant factors for cessation of menses, we applied descriptive statistics. We used Cox proportional hazard analyses to model the time in years (age) until the occurrence of last menses. This event has not occurred in women that were currently menstruating, therefore these women are integrated into the model as censored data. From the 829 controls without surgical amenorrhea included for analyses, 254 women with bleedings up to one year before interview were censored in the Cox regression at that age. These women were either pre-menopausal or could have had menses due to hormone use. Risk estimates for potential predictors of the timing of last menses are presented as hazard rate ratios (HRR) with 95% confidence intervals (CI). HRRs above 1 are associated with an earlier onset of the cessation of menses. HRRs below 1 indicate a reduced risk for cessation of menses and correspond to a delayed menopause. In addition, we provided median ages at cessation of bleedings and inter-quartile ranges.
Based on the set of factors potentially affecting age at cessation of menses from literature, we applied two different Cox proportional hazard model building strategies. Model I was generated by an approach used by Gold et al. [14] . In the first step, we performed univariate Cox proportional hazard analyses separately for each potential predictor variable to evaluate the strength of the association with timing of last menses [38, 39] . Finally, significant variables were included in model I comprising OC use, HT use, parity, active smoking, and thyroidal medications. Model II was composed following an algorithm recommended by Collett [40] . Variables were included and omitted subsequently to fit the model by minimising -2 log likelihood in an iterative procedure. The final model II consisted of 12 variables. For model checking we plotted the hazard functions and log-logsurvival-curves and analysed the residuals (Martingale, deviance, and scaled Schoenfeld residuals) [40] . Both of the resulting models included OC and HT use until last menses as covariates. Table 1 describes the characteristics of 829 German women from the Greater Bonn region by menstrual state. The majority of women did not have menstrual cycles (69.4%) in the year of interview. They had a median age at interview of 63 years. Their median age at cessation of menses was 50 years (inter-quartile range 47-53 years). The remaining 30.6% of women had still bleedings. Their median age at interview was 45 years. The percentage of women never having used OC was 45.4% in the elderly women without bleedings but 13.0% in women having menses. HT use until last menses was reported in 32.5% of not menstruating women. Also among the younger women with bleedings, already 15.8% reported HT use. In both groups, about 60% of women had only 1 or 2 children, and lifetime breast feeding was either absent or short. Less than 5% of all women underwent a unilateral oophorectomy until last menses. Younger women had a higher educational level. Only a few women were never employed. White collar jobs were predominant. The majority of women did not smoke around onset of menopause. Among women without menses, 26.6% were active smokers in that period. In the group without menses, most women reported a prudent diet. The dietary habits of younger women are different with a higher fraction of a non-prudent diet. A fraction of 14.4% women without bleedings reported thyroidal medication use but even more among young women (31.9%). Diabetes mellitus and ischemia before cessation of menses were rare in both groups. Allergies and migraines were frequent among women of younger age (53.5% and 27.6%, respectively) and also common in the group of women without menses (42.4% and 21.7%). . Age at menarche, parity, breast feeding, unilateral oophorectomy, education, employment, diet, diabetes, ischemia, and migraine could not be found associated with the occurrence of last menses.
Results
Characteristics of the study population
Discussion
We conducted an analysis of potential determinants of age at cessation of menses among women from the Greater Bonn region of Germany. Because menopause is difficult to define, we analysed age at cessation of menses instead of age of menopause. The study area around the former capital of Germany has a high socio-economic level. White collar occupations were predominant, which might explain that we could not find an impact of the socio-economic status on age at last menses [16, 41, 42] . In that study population as in many Western countries, gynaecologic surgeries, the use of oral contraceptives until cessation of menses, and hormone therapy already before cessation of bleedings are common. When defining "natural menopause" by excluding hormone use in the period of menopausal transition and reproductive surgeries, only every third woman would undergo menopause naturally.
Median age at cessation of menses was 50 years that is in conformance with the WHO estimate for industrialised countries. WHO 6 defined menopause menses-based by the cessation of bleedings which is known with certainty only in retrospect one year after the event. Kroke et al. [43] investigated different definitions of menopausal status. There is uncertainty of the menopausal status when using interview data on cessation of menses. Hormonal patterns might be more promising predictors of the menopausal status [44, 45] . Biologically, cessation of menses is mainly due to the loss of ovarian follicular activity accompanied by a decrease in ovarian hormonal secretions (for review Ottolenghi et al., 2004) [46] .
HT use in the period of menopausal transition, OC use, and intake of thyroidal medications were associated with a delayed menopause. These factors interfere with the endocrine regulatory system and can potentially affect cessation of bleedings. In our study population, every fourth women took thyroidal medications, and every third women reported HT use until last menses. Ever OC use was reported by every other woman in our study, and 239 women used OC at least until one year before last menses. Our findings for HT use confirm well known results. OC use might have an impact on the number of follicles and thus be related to menopause. Our findings regarding OC use are in accordance with results from several studies [14, 22, 42, 47] , but others found a less clear effect [12, 15] . Also, thyroid hormones play a role in the regulation of reproductive hormones [48] . Experimental findings showed that hypothyroidism inhibits follicular development accompanied with decreased oestradiol secretion and increased plasma progesterone levels [49] and leads to irregular cycles [50] . Thyroid hormones have similarities with certain metabolites of oestrogen and progesterone and might lead to later cessation of menses.
The most striking factor for an earlier age at cessation of menses was smoking in the period of cessation of bleedings. In the majority of studies tobacco smoking has been associated with an earlier menopause [4, 6, 11, 12, 15, 42] . Cooper et al., 1999 [13] suggested that the effect of smoking on ovarian senescence is limited to active smoking during menopausal transition. Some chemicals of tobacco smoke act cytotoxic to oocytes and could explain an early cessation of menses when smoking during the period of transition. Several studies revealed that former smokers have no or only a slightly earlier menopause than never smokers [51, 52] implicating that the effect of smoking is not permanent Allergy, a prevalent disorder in Western women, was also related to an earlier age at cessation of bleedings. There are several links between the immune and endocrine system. In addition, the medications against allergic symptoms often contain steroids. Steroid hormones and their metabolic intermediates have a variety of immunological effects [53] [54] [55] [56] . There are several indications that corticosteroids suppress adrenal androgen levels (e.g. El et al., 2005) [57] . It is not clear whether the effect of allergy is related to the disease itself or corticosteroidal medications.
The pronounced variations in nutrition and childbearing practices across countries and over time are not obviously reflected in the timing of menopause, although a lower age in less developed regions has been observed [58] . Also twin studies provided evidence for a genetic determination of early and late menopause [59, 60] . Reproductive factors such as age at menarche, age at first full-term pregnancy, and parity might modulate the circulating hormones and the number of ovulatory cycles and thus age at menopause [1, 6, 12, 15, 19, 22, 61] . In our study, the impact of reproductive and dietary factors were less clear. The variation of habits did not provide a sufficient contrast. Overall, parity was low, and breast feeding was rare. Dietary habits differed mainly by age, where older women had a more prudent diet than pre-menopausal women. A more sophisticated analysis of reproductive and dietary determinants on age at menopause has currently been performed in the EPIC sub-cohort from Heidelberg, Germany [15] . A higher age at first full-term pregnancy and a longer time interval until occurrence of regular menses were associated with a later onset of menopause. A higher intake of fat, proteins and meat delayed the onset. In contrast, high intakes of fat and cholesterol have been found to be associated with an earlier menopause [17] .
Our findings are based on data of a population-based case-control study where temporal characteristics are not monitored but self-assessed. In general, case-control studies bear the risk of a recall bias. We analysed the controls where this potential bias is not differential. Major life events like parity and habits such as ever hormone use can be assumed to be sufficient reliable.
In conclusion natural menopause is difficult to determine in Western women. The many lifestyle factors targeting the endocrine system and ovarian function are potential determinants of the timing of menopause. A menses-based approach of defining menopausal status is complicated due to hormonal inferences. Endocrine biomarkers should therefore be taken additionally into account when defining menopausal status.
